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1. INTRODUCTION
The thermal diagnostics of heating systems and heat
source is connected with the verification of compati-
bility of the required and actual power of the heat
source and heating systems [1, 4]. Determining the
required power is one of the tasks of thermal heat
source diagnostics. The need to perform such diag-
nostics periodically is due to national regulations and
standards and the directives of the European
Parliament and the Council of Europe. It is not always
easy to determine the required heat power for existing
residential building. The scale of difficulty increases
with the increase in the cubic capacity and the number
of building users. The lack of construction documen-
tation for the building, lack of knowledge about the
composition of the layered construction partitions,
forming the outer coating of the heated space, aging of
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A b s t r a c t
The paper presents the way to determine the required heat power for heat source diagnostics for the existing residential
building. For this purpose, it was proposed to designate the required thermal power of the building using the original
method of multiple short heat consumption measurement in existing residential building with natural ventilation. The first
part presents the main ideas of the method.
S t r e s z c z e n i e
W artykule zaprezentowano określanie wymaganej mocy cieplnej dla diagnostyki źródła ciepła istniejącego budynku
mieszkalnego. W celu zaproponowano wyznaczanie wymaganej mocy cieplnej budynku z wykorzystaniem oryginalnej metody
kilkukrotnego krótkiego pomiaru zużycia ciepła w istniejącym budynku mieszkalnym z wentylacją naturalną. W części pier-
wszej przedstawiono główne idee metody.
K e y w o r d s : Heating, ventilation; In- situ thermal diagnostics; Heat source; Thermal power of the building; Thermal char-
acteristics; Existing residential building; Heat consumption measurements.
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materials, moisture prevents the appropriate calcula-
tions. The complete or partial replacement of win-
dows by building users and the introduction of het-
erogeneous windows of varying degrees of thermal
resistance and air tightness make it difficult to cor-
rectly assess the heat demand by calculation methods.
In residential buildings, especially built more than 15
years ago, natural ventilation is usually used.
In [4] there is included a procedure for determining
the required heat source power based on a long-term
measurement that includes determining seasonal
heat consumption and determining the heat gains
and loss of the temperature balance of the building.
The problem of determining the heat demand of
buildings and its accuracy, also determining the
demand (consumption) or the required power of the
heat source taking into account the measurements
are, among others, reported in works [6, 7, 15, 18-28].
This paper presents the calculation of the heat
demand for the central heating installation based on
short in-situ measurements in the considered build-
ing. The works [8-14, 22-27] present the idea of a pro-
posed method based on defining the loss coefficient
by the transmission HT of the building external enve-
lope elements and the heat loss coefficient for venti-
lation HV together with the average ventilation
change coefficient of heat loss Hb and the average
daily heat gain flux from people and appliances in the
building (Z,oc+ Z,eq). This method uses, among
others, multiple short in- situ measurement of daily
heat consumption in a building. Determining of HT
and HV allows to estimate the designed heat loss of a
building and further, taking into account the heat
demand for hot water preparation, the required heat
power of the source and the oversizing of the heating
source (heating system).
2. ASSUMPTIONS CONCERNING HEAT
BALANCE EQUATION
The basic assumptions for determining the in-situ
short-time measurements of the required heat source
power for an existing building are as follows:
• the temperatures in the heated rooms are similar to
the design values of indoor air temperature,
• the settlement of the building is similar to the
design, and the individual internal heat gains from
people and equipment correspond to the typical
values of a residential building,
• the current air tightness of the building determines
the mass of air flowing into the building under aver-
age heating conditions close to the minimum flow
resulting from hygienic needs,
• measurements are made during the heating season
in conditions close to average.
Determining the heat loss transmission and ventila-
tion coefficients, and the number of ventilation air
changes nV and the flow of internal heat gains
requires knowledge of the group of values, mainly
determined by measurement.
To determine value of measurements’ group, it is nec-
essary to:
make several short (daily) measurements of the heat
consumption in the building for the purpose of cen-
tral heating (using a heat meter, a heat flux meter or
gas meter, fuel volume oil meter, mass or volume of
solid fuel) and the temperature of the heating factor
and, if it is possible, daily course of external air tem-
perature and ,if there is a need, internal air tempera-
ture, and also one-time measurement of the air tem-
perature in the basement and if necessary in the
selected area in the ceiling (eg. on the border of the
plaster and the construction layer of the ceiling) or
control temperature measurements of the inner sur-
face of the outer wall (walls), as well as the ceiling
above top floor.
Measurements should be made for the following val-
ues:
– daily heat consumption by central heating installa-
tion u, kWh,
– average daily outdoor air temperature te̅, if neces-
sary, indoor air temperature,
– average air temperature in the building’s heated
space on measured days,
– average daily temperature in the basement.
These measurements should be supplemented with
the results obtained from the nearest meteorological
station, measured routinely:
– hourly daily course of outdoor air temperature te ,
– hourly course of daily wind speed,
– hourly daily passes of average direct and diffuse
solar radiation streams,
or use the results of measurements of hourly outdoor
air temperature, wind speed, and solar radiation
intensity, determined by the local meteorological sta-
tion, or use measurements of these values by an indi-
vidual meteorological station installed at the time of
measurements near the considered building.
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The basis for the implementation of the method is
also to determine the geometrical and structural fea-
tures of the building and its functional characteristics,
such as the number of inhabitants, the type and num-
ber of heated rooms, and also the type and parame-
ters of central heating and possibly heat sources.
These values are derived from the operational docu-
mentation of the building or are obtained by means
of rapid thermal diagnostics of the building.
The days chosen for measurements should be these
without rain and snow and with moderate wind. As
measurement days also very cloudy days should be
avoided as well as days with moderate outside tem-
peratures (not above 5 (7)°C, as a midday tempera-
ture) and at the same time very sunny days, which
would be accompanied by significant overheating of
the rooms and / or opening of the windows by inhab-
itants.
On the basis of the determined measurement data,
the daily thermal balances for the building under con-
sideration can be calculated as follows:
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where: ݐ௜ – indoor temperature, °C ݐ ҧ௘ – daily average outdoor temperature, °C, ݐ ҧ௘ככ – modified external temperature taking into 
account the temperature in unheated basement of 
the building, °C, ܪ௥்௭ – heat loss transmission coefficient, W/K, ߶௨ – measured, average utility heat flux for 
considered day, W, ߟ௧௥௧ – efficiency of transmission, regulation and 
transfer of heat for central heating,  ߶ௌ ௪ – average heat flux for heating the ventilation 
air for considered day, W,   ߶௓ – average internal heat gains flux for considered 
day, W, ߟ௘௛௚ – efficiency of use of the internal heat gains, ߶௓ǡ௢௖ – average heat gains flux from people for 
considered day, W, ߶௓ǡ௘௤ – average heat gains flux from appliances for 
considered day, W, ߶௓ǡ௧௥ – average for considered day, differential heat 
flux from solar radiation through transparent 
components, ݊௏ – number of air ventilation changes for conditions 
r
related to ݐ ҧ௘, 1/h, ஻ܸ – volume of the heated area of the building, m3,ܿ௣ – specific heat capacity of air, J/(kg·K), ߩ௣ – density of air, kg/m3,
1….j……k – numbers of measurement days. 
 
3. PRESENTATION OF THE PROPOSED 
METHOD
Several times (k-fold) daily measurement of heat 
consumption for purposes of central heating of a 
building ߶௨ሺݐ ҧ௘௝ሻ gives the possibility to write a 
system of balance equations for days by increasing 
temperature ݐ ҧ௘௟:
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In the system of equations (2) the heat loss 
transmission coefficient through the partitions ܪ௥்௭ is 
the value as (without reduction coefficients due to 
the temperature of the unheated space deviating 
from the actual outdoor temperature): 
 ¦¦ ⋅Ψ+⋅= MMpprzT lUAH ,
where: ܣ௣ – surface of the envelope elements of heated 
building (external walls, windows and external 
doors, ceiling above the top floor, ceiling over 
the unheated basement), m2,ܷ௣ – U coefficients of the envelope elements of the 
heated building space, W/(m2K), ݈ெ – length of the linear bridges of the elements of 
envelope limiting the volume of the building 
heated, m, Ȳெ – coefficients of heat transmission through the 
linear bridges of the partitions of the building 
envelope limiting the heated volume of building, 
W/(mK). 
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system (2) can be presented as follows: 
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Assuming that 
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system (2) can be presented as follows: 
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and marking ߶௓ ൌ ሺ߶௓ǡ௢௖ ൅ ߶௓ǡ௘௤ሻ it can be written: 
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where Hb – average ventilation change coefficient of 
heat loss due to change of ventilation intensity as a 
function of daily outside temperature, W/K2.
Numerous attempts to solve the system for the 
relevant measurement data (affected by some errors) 
by method of determinants or linear regression have 
led to results that are not physically correct. 
Therefore, in relation to the system (2), another 
procedure was used to determine ܪ௏௥௭ (and so ݊௩ )
and ܪ௕.
Another form of the system (2) can be obtained if in 
the system equations 
ሺ௧ ҧ೔ି௧ҧ೐ೕሻሺ௧ ҧ೔ି௧ҧ೐ೕככሻ ൎ ܿ݋݊ݏݐ.:
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and, after accepting: 
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and noticing on the basis of the assumptions made: 
 
constH rzTV ≈ (6b) 
 
present the system (5) as: 
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The condition 
ሺ௧ ҧ೔ି௧ ҧ೐ೕሻሺ௧ ҧ೔ି௧ҧ೐ೕככሻ ൎ ܿ݋݊ݏݐ is better fulfilled, the 
difference ሺݐ ҧ௜ െ ݐ ҧ௘௝ሻ is higher (so the days should be 
selected with a sufficiently large difference ሺݐ ҧ௜ െ
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will be further referred to as the differential 
equations.  
Subtracting the equations from one another should 
be done in such a way, that representing of all 
equations of the system (7) was equal and the 
differences in temperature ݐ ҧ௘ככ were bigger than 3 K 
and the equation used to form the differential 
equation (minuend, subtrahend ) always 
corresponded to the positive value of the 
temperature difference ݐ ҧ௘ , e.g for equations j and p :ݐ ҧ௘௣ െ ݐ ҧ௘௝ ൐ Ͳ. At the same time, the equations of 
each pair of equations making up the differential 
equations should have similar approximate values ܪ்௏௥௭ .
The condition of equal representation of equations 
(6c) in the differential equations system (7) is related 
to the assumption that individual equations of the 
system (6c) derive from their “perfect” state. The 
state of “perfect” equations is the form of thermal 
balance equation, which corresponds to the 
fulfillment of the required measurement conditions 
(fulfillment of the assumed operation of the building 
on the day of measurement) and the quality of 
measurements taken into account in the balance of 
values. Usually, the balance equations are deriving 
from the “perfect” state. If it is correct to assume 
that in the considered equation system there is a 
balance of these deviations, then in the differential 
equations system (7) representation of individual 
equations of system (6c) should be equal. If, 
however, in equation (6c), with the following 
ݐ ҧ௘௝ሻ ). The lower the outdoor temperature, the 
temperature ݐ ҧ௘௝ככ is usually closer to the temperature ݐ ҧ௘௝.
Further part presents procedures of designation ܪ்௏௥௭
and ܪ௥்௭ǡ ܪ௏௥௭ǡ ܪ௕ and also ߶௓.
First method 
In order to implement it, the terms ܪ௕ ڄ ݐ ҧ௘௝ ڄ൫ݐ ҧ௜ െ ݐ ҧ௘௝൯ should be omitted in the systems (3), (5) 
or (6c). The omission would be fully justified for ݐ ҧ௘௝ ൌ Ͳ , then the term ܪ௕ ڄ ݐ ҧ௘௝ ڄ ሺ௧ ҧ೔ି௧ҧ೐ೕሻሺ௧ҧ೔ି௧ҧ೐ೕככሻ ൌ Ͳ . For หݐ ҧ௘௝ห ب Ͳ there appears a certain inaccuracy of the 
method. As a result of the omission of the terms ܪ௕ ڄ ݐ ҧ௘௝ ڄ ൫ݐ ҧ௜ െ ݐ ҧ௘௝൯ in incompatible systems of 
balance equations (3), (6c) , it is possible in further 
part to determine firstly the auxiliary values ܪ்௏௥௭ and 
further the principal searched values in the form ߶௓,ܪ௥்௭ and ܪ௏௥௭ . After omitting the terms ܪ௕ ڄ ݐ ҧ௘௝ ڄ൫ݐ ҧ௜ െ ݐ ҧ௘௝൯ and assuming ߟ௘௛௚ ൎ ܿ݋݊ݏݐ ൎ ͳǡͲ , the 
chosen equations (r..s) of the system (6c) should be 
subtracted from successive equations [(1 ... k) – 
(r..s)], what results in:  
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(7) 
Equations occurring in the system (7), resulting from 
the subtraction of equations of the output system, 
w
equations ordered in decreasing temperature 
difference ሺݐ ҧ௜ െ ݐ ҧ௘ככሻ , the last equation would be 
similar to “perfect”, then the differential equation 
system (6) can be constructed by subtracting the last 
equation from succeeding equations. Such a 
procedure is accompanied by obtaining of the system 
(7) well replacing system (6c), with differential 
equations sorted in decreasing difference ሺݐ ҧ௘௣ככ െ ݐ ҧ௘௝ככሻ
. The equations of each pair of equations creating 
differential equations should have similar 
approximate values ܪ்௏௥௭ . Values ܪ்௏௥௭ should be 
estimated for successive equations of systems (5) or 
(6c), after omitting the terms containing ܪ௕.
The linear approximation ሾሺܪ்௏௥௭ ሻ௔ǡǥ ሺܪ்௏௥௭ ሻ௙ǡ ǥ ሺܪ்௏௥௭ ሻ௛ሿ in decreasing 
temperature function ݐ ҧ௘௔ǡ ǥ ݐ ҧ௘௙ǡ ǥ ݐ ҧ௘௛ leads to 
equation as: ሺܪ்௏௥௭ ሻ௢ ൌ ܽ௔௣ ڄ ݐ ҧ௘௢ ൅ ܾ௢ , what results in: 
 
( ) ooaptrzTVrzTV bbaHH e =+⋅== = 00 (7a) 
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follows: in equation (6c) there are balance equations 
with days jj, for which ݐ ҧ௝௝ ൎ Ͳ.
From the equation system (5c) are chosen equations 
with days (m ... ..n), for which ݐ ҧ௘௝ ൎ Ͳ , what also 
means  
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The efficiency ߟ௘௛௚ of using internal gains Z takes 
values close to 1, so it can be assumed that ߶௓ ڄߟ௘௛௚ ൌ ܿ݋݊ݏݐ.
After subtracting from the successive equations [(m 
... n) - (r..s)] the selected equations (r..s) of the 
system (8) the result is: 
The condition f r applying this procedure is a
follows: in equation (6c) there are balance equations 
with days jj, for which ݐ ҧ௝௝ ൎ Ͳ.
From the equation system (5c) are chosen equations
with days (m ... ..n), for which ݐ ҧ௘௝ ൎ Ͳ , what also 
means  
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T
Second method 
The condition f r applying this procedure is as 
follows: in equation (6c) there are balance equations 
with days jj, for which ݐ ҧ௝௝ ൎ Ͳ.
From the equation system (5c) are chosen equations 
with days (m ... ..n), for which ݐ ҧ௘௝ ൎ Ͳ , what also 
means  
( )
0
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−
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eji
eji
ejb tt
tt
tH :
Subtracting the equations from one another should 
be done in such a way that representing all of the 
equations of the system (7) in the system (t) was 
equal, and the temperature differences ݐ ҧ௘ככ were as 
big as possible. The equations of each pair of 
equations that create differential equations should 
have approximate estimated values ࡴࢀࢂ࢘ࢠ .
The system (7a) allows to determine the value ܪ்௏௥௭
by the matrix account:  
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[ ] WMMMH TTrzTV ⋅⋅⋅= −1 (9) 
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S
where: ܯ் - transpose of matrix M,ሾܯ் ڄ ܯሿିଵ - inverse matrix of the matrix product ܯ் i M.
If omitted in the system equations (8a) of the 
component from ܪ௕causes occurring of an error - its 
value for the differential equations j and p is ߜ߶௝௣:
( ) ( )[ ]epiepejiejbjp ttttttH −⋅−−⋅⋅=δφ  (10) 
and the average value for all equations is ߜ߶௠௠.
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The system gives the solution: 
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3.2. Determining of internal heat gains flux ࣘࢆ
After substituting to the system (6c) designated 
values ܪ்௏௥௭ and ܪ௕ the following values are obtained: 
If the mean temperature difference is ߜݐ௠௠ :
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(11) 
Than the error of designation ܪ்௏௥௭ caused by the 
deviation ߜ߶௠௠ takes the form of: ߜܪ்௏௥௭ ൌ ቚఋథ೘೘ఋ௧೘೘ ቚ .
3.1. Determination of the coefficient ࡴ࢈
After returning to the system (6c) and substituting to 
the system a designated value ܪ்௏௥௭ , the following are 
obtained: 
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The system can be presented as: 
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T
(16) 
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and than: 
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The system gives the solution:  
[ ] [ ] WMMM TTZ ⋅⋅⋅= −1φ , (18) 
for: 
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3.3. Determination of heat loss coefficients ࡴࢀ࢘ࢠǡࡴࢂ࢘ࢠ
Condition of use: system (3b, 6c) must contain a 
suitable number of mutually compatible equations. 
Designation of ࡴࢀ࢘ࢠ and ࡴࢂ࢘ࢠ should follow from the 
system of equations, which is not identical with the 
system from which the simultaneous determination 
of ࡴ࢈ and ࣘࢆ was made.  
Designated values ࡴࢀ࢘ࢠ and ࡴࢂ࢘ࢠ will be associated 
with the values ࣘࢆ and ࡴ࢈ accepted to define them.  
Using a transformed system (3b, 6c), after 
substituting ܪ௕ and ߶௓ determined earlier , the result 
is:  
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where: 
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3c)       
3c) 
3d) 
t
Determination of ܪ௥்௭ and ܪ௏௥௭ follows by solution of 
the overdetermined system of equations according 
to: 
 
[ ] WMMM
H
H TT
rz
V
rz
T ⋅⋅⋅=»»¼
º
««¬
ª −1
(21) 
 
where: 
M – two-column matrix of coefficients at ܪ௥்௭ and ܪ௏௥௭ in system equations, 
W – column matrix of free terms in the system 
equations. 
On this basis it is possible to estimate: 
ppB
rz
V
V cV
Hn ρ⋅⋅⋅=
3600
(21a) 
Specifying ܪ்௏௥௭ and ܪ௥்௭, ܪ௏௥௭, ܪ௕ and Z requires the 
knowledge of the meaningful temperature for 
measurement conditions ݐ ҧ௘ככ .
The temperatures ݐ ҧ௘ככ as averages for the range ȟ߬ ሼͳǡ ʹǡ ǥ ǡ ȟ߬ሽ can be derived from the dependence: 
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, °C,                                                  (22) 
where: ݐ௜– indoor air temperature, °C, ݐ௘ሺ߬ሻ– outdoor temperature measured in the hour ߬,
°C, ݐ ҧ௡ሺ߬ሻ – temperature in unheated basement 
(generally, in an unheated room adjoining 
heated space), estimated for ݐ௘ሺ߬ሻ, °C,  ߴ௜ሺ߬ሻ – average temperature of the inner surface of 
the partitions of building envelope 
surrounding heated space of the building, 
°C, 
Coefficients
sA
Aa =1
(
i
sh
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Aa
⋅
=2
are equa
shaha
ww
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U
⋅
⋅
,
)
wsha
wa
U
A
⋅
−
,
l to: 
 (2
(2
3a) 
3b) 
Asha the surface of the envelope surrounding the
heated space of the building with bypassing the
ceiling over the unheated basement,m2,
Usha – estimated average coefficient U for the enve-
lope surrounding the heated space of the building
(including thermal bridges) with bypassing the
ceiling over the unheated basement W/(m2K),
Aw – surface of the building windows, m2,
Ri – average thermal resistance by the inner side of
the envelope partitions of the heated building
space, m2K/W,
An – partition area between the heated and unheated
space of the building (ceiling above the unheated
basement), m2,
Un – predicted heat transfer coefficient (including
thermal bridges) for partitions between heated and
unheated building space (ceiling above unheated
basement), W/(m2K).
Determination of coefficients, a1, a2, a3, a4, a5
requires the estimation of the heat loss coefficient for
ventilation HV , the coefficient Uw for the windows in
the building and the replacement heat transfer coef-
ficient for the whole envelope of the heated building
space and the temperature in the unheated space
adjacent to the heated one tn .
It is recommended to take the time interval Δτ as
=24 h · 5= 120 h.
Determining HrzTV , H
rz
T , H
rz
V , Hb, Z by subtracting
two different daily heat requirements is connected
with determination of HrzTV , H
rz
T , H
rz
V , Hb, Z for the
averaged daily internal heat gains and ventilation
intensity.
Determination of coefficients a3, a4, a5 requires, as
already mentioned, the estimation of the coefficient
Uw for windows in a building in an unheated basement
and the replacement heat transfer coefficient for the
entire space envelope of the heated building space and
the temperature in the unheated basement t n .
The determined heat loss transmission coefficient
was defined in the presented analysis as:
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nnshasha
rz
T UAUAH ⋅+⋅= , W/K,            (24) 
what means that its value in the given relations is 
constant. In [4] the heat loss transmission coefficient 
is defined as: 
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rz
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tt
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+⋅=⋅⋅+⋅=
, W/K,      (25) 
where: ܣ௦௛௔ – surface of the external envelope of the 
building without ceiling surface above the 
basement, m2,௦ܷ௛௔ – coefficient U of the outer envelope of the 
building (including thermal bridges) without ceiling 
area above the basement, W/(m2K), ܾ௧ – coefficient of temperature reduction, 
ei
ni
t tt
ttb
−
−= ,ݐ௜ – indoor air temperature, °C, ݐ௡– air temperature in basement, °C, ݐ௘– outdoor air temperature, °C, ܷ௡ –coefficient U of the ceiling above the basement, 
W/(m2K), ܣ௡– surface of the ceiling above the basement, m2.
The average temperature of the inner surface of the 
envelope partitions surrounding the heated space of 
the building ߴ௜ results from the dependence: 
 ( ) =τϑi
( )[ ] ( ) ( )( )[ ]{ } ii
nn
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e
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zsee thRanqntnh
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.. ττ  ,
°C,                                                                            (26) 
where: ݊௞– number of hours of the time horizon in the past 
preceding the considered hour ߬ on the day of 
measurement, ݊ – succeeding hour, among hours preceding hour ߬,ݍሶ௦Ǥ௭Ǥ௖ ௥௔ௗ– average hourly flux of total solar radiation on 
the surface of the building's outer 
partitions, W/m2,ܽ௔௕௦௦Ǥ௭Ǥ – coefficient of absorption of total solar 
radiation on the surface of the building's 
outer partitions, ܴ௘ᇱ – average heat transmission resistance on the 
outer envelope surface of the heated space of 
the building, m2K/W, 
h
hi i he – impulse response functions determined by 
the EXODUS method [8-13, 22-26]. 
The assumption of the predicted coefficient ௦ܷ௛௔
(average for the coating surrounding the heated 
space of the building excluding the ceiling over the 
unheated basement) is to be understood as taking 
the initial value of this coefficient and further 
correction of it on the basis of the determined value ܪ௥்௭until the required conformance of these values is 
achieved. 
The next steps in assumption ௦ܷ௛௔ are: 
- determining the windows area ܣ௪ and the 
characteristics of the windows used (window type 
(single leaf, double leaf) number of glass, type of 
glass and type of frame), which allows to 
determine the coefficient ܷ௪,
- determining the surface of the envelope 
surrounding the heated space of the building 
omitting the ceiling over the unheated basement ܣ௦௛௔,
- determining of the ceiling surface over the 
unheated basement ܣ௡,
- estimation of the ܷ௡ coefficient for the ceiling 
over an unheated basement on the basis of arrays 
for known conventional ceiling constructions, such 
as a ceiling containing a reinforced concrete slab, 
Ackerman ceiling or DZ-3 or, in the case of 
unknown structures, on the basis of a temperature 
measurement ҧߴ௡ in the ceiling at a specific 
location, e.g the borderline of the plaster (on the 
side of the basement), the elementary ceiling layer 
and the temperature in the basement ݐ ҧ௡ and the 
room above the ceiling of the basement ݐ ҧ௜ . The 
temperatures ݐ ҧ௡ǡ ݐ ҧ௜ and ҧߴ௡ , can be treated as 
constant, so that the heat flow through the ceiling 
- as determined in time. In the case of the 
temperature measurements on the borderline of 
the internal plaster on the basement side and the 
homogeneous construction layer above, the value ܷ௡ is derived from the dependence:  
( )ni
tw
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, W/(m2K), 
 (27) 
where: 
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ceiling above the highest floor (walls in the form of 
reinforced concrete slabs and reinforced concrete 
floors) can be determined from dependency:  
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,W/(m2K).                     (30) 
The new value ߣ௜ of layer i is : 
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, W/(m2K).             
 (31) 
A similar correction can be made for layer ݀௜
thickness. In general, the correction should be based 
on the coefficient ߣ௜ or thickness ݀௜ , as the most 
uncertain values of the partition, the state of which 
in the most significant way influences the meaningful 
temperature ߴ௜. In the case of significant differences 
݀௧௪– thickness of the inner plaster layer covering the 
ceiling above the basement, m, ߣ௧௪ – heat conduction coefficient for the interior 
plaster covering the ceiling above the 
basement, W/(mK),  ܴ௜௣– heat transmission resistance (on the side of the 
internal plaster) on the surface of the internal plaster 
covering the ceiling above the basement, m2K/W,  
- assumption based on the thermal protection 
requirements in force during the construction of 
the building or thermal modernization of the 
external partition coefficient ௦ܷ௣ , except for 
windows and ceilings over an unheated basement, 
- determining on the basis of assumed assumptions 
and findings (resulting from e.g the technical 
documentation of the building or the 
requirements of thermal protection in force 
during the building or thermal modernization) of 
the projected coefficient  ௦ܷ௛௔ as: 
 
( )
sha
wwwshasp
pzbsp A
AUAAU
U
⋅+−⋅
= ,
W/(m2K).              (28) 
The value ௦ܷ௛௔ to be taken in the following steps is 
equal to: 
sha
wwknn
rz
TMT
sha A
AUAUHa
U
⋅−⋅−⋅
= ,
W/(m2K),    (29) 
where: ܽெ் – participation of heat loss through thermal 
bridges in heat transmission loss, ܽெ் ൎ 0,75, ܪഥ௥்௭ – ܪ௥்௭ W/K value determined in previous step. 
When adopting a new value ௦ܷ௛௔ for the next 
calculation step, it is also necessary, in justified cases 
(large difference ௦ܷ௛௔ for subsequent steps) to do the 
correction of coefficients hi i he on the basis of 
correction of assumed state of the outer partition 
layer. Correction may consist in determining for a 
layer with the expected maximum uncertainty of its 
state (layers of thickness ݀௜ and current coefficient ߣ௜௣ ) a new value ߣ௜. The new value of the coefficient ௦ܷ௣, which replaces in the next step the value of the 
previous one ௦ܷ௣௣ , in the case of significant similarity 
of the layers of the external vertical walls and the 
c
in the structure and U coefficients of the vertical 
walls and the ceiling above the highest floor, in the 
presented procedure for determination of ௦ܷ௣௣ , the U
of the vertical walls has to be determined on the 
basis of the known or well-estimated ceiling 
coefficient ௦ܷௗ above the highest floor and ceiling 
area above the highest floor ܣ௦ௗ . The comments 
given when determining ܷ௡ can be used for 
determining ௦ܷௗ coefficient. However, the estimation 
of ௦ܷௗ is more difficult and is associated with greater 
uncertainty as compared with ௦ܷ௣ because of the lack 
of fully established state on the upper surface of the 
ceiling under the unheated attic and not fully 
established state on the surface of the flat roof. The 
presented method of expressing temperature ݐ௘ככ
allows to skip in the dependencies (4)–(20) the 
average, for the considered measurement days, heat 
gains flux from solar radiation through the opaque 
partitions for the measurement cycles associated 
with ݐ ҧ௘௝ ሺ߶௓ǡ௧௥൫ݐ ҧ௘௝൯ሻ and the average daily heat 
accumulation flux in the outer partitions of the 
building ( ȟ߶௔), because ߴ௜ሺ߬ሻ includes the variability 
of the outside temperature and the intensity of the 
radiation affecting the outer walls. [8, 9] presents the 
coefficients  hi and he and the values ܽଷǡ ܽସǡ ܽହ for the 
exemplary partitions.  
Designated values ࣘࢠ࢐ (e.g from (17), (18)) may be 
the basis for selecting the equations included in the 
system. The equations (days of measurement), for 
w
(29)
wnsha
wwnn
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−−
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=
,W/(m2K).                     (30) 
T
,W/(m2K).                     (30) 
T (30) 
T
H . F o i t , P . L u b i n a , D . T ą t a
128 A R C H I T E C T U R E C I V I L E N G I N E E R I N G E N V I R O N M E N T 1/2018
which ࣘࢠ࢐ deviate the most from the mean value ࣘࢠ࢐,
should be omitted in the next approximation step.  
At least 8- day measurement should be done. After 7 
day measurements, the obtained results should be 
analyzed. For this purpose, the value of the loss 
coefficient ܪ்௏௝௥௭ has to be determined for individual 
measurement days j and the expected average daily 
gains ߶௭ as: 
( ) ( )
)(
)()()(
)(
,
∗∗−
⋅+⋅+
+−⋅⋅⋅⋅−⋅
=
eji
ejehgejtrZejehgZ
ejippVBejtrteju
rz
TVj tt
ttt
ttcnVtt
H
ηφηφ
ρηφ
, W/K,              (32) ݐ ҧ௘௝ככ– equivalent temperature on the measurement day 
j, °C, ݊௏– number of ventilation air changes estimated for 
the given day j , 1/h, ஻ܸ– volume of the heated area of the building, m3,ܿ௣– specific heat capacity of air, J/(kg·K), ߩ௣– density of air, kg/ m3.
On the basis of the values obtained ܪ்௏௝௥௭ ( j is the 
number of the succeeding measurement day in 
question), the arithmetic mean ܪ்௏௃௥௭ should be 
determined, and the days with the significant 
ವ in the Regulation of the Minister of Infrastructure 
of June 3, 2014 on the methodology for 
calculating the energy characteristic of a building 
and a dwelling or a part of a building constituting 
an independent technical and utility unit and the 
manner of drawing up and specifying energy 
characteristic certificates (Journal of Laws of 
2014, item 888) as 7.1 W/m2 for residential and  
1.0 W/m2 for staircases in multi-family buildings 
and 6.8 W / m2 for single-family houses. 
 
After omitting in the generalized balance equation of 
the system (12) 
( )
( ) )()()()(
)(
, ejehgejtrZejehgZejtrteju
ejiejbeji
rz
TVj
ttttt
tttHttH
ηφηφηφ ⋅+⋅+⋅
=−⋅⋅+−⋅ ∗∗
(33) 
the component containing ܪ௕ (ܪ௕=0) and accepting 
and proceeding according to (8), (8a) and (9), it is 
possible to determine the coefficient ܪ்௏௥௭ .
By using the set value ܪ்௏௥௭ and keeping the 
assumption ܪ௕ = 0, the approximate gains ߶௓௝ for 
each measurement day can be determined: 
( )
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)()(
)(
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,
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(34) 
The efficiency of using internal gains can be 
determined on the basis of the total heat gains of the 
building: ߶௨ ൅ ߶௓ ൅ ߶௓Ǥ௧௥ (from people, appliances 
்௏௃ j y
measurement sequence. Then you need to make 
measurements for subsequent days so that the 
number of days after the elimination of the days with 
significant deviation from ܪ்௏௃௥௭ bigger than 10% was 
at least 8.  
The final verification of the days taken for the final 
analysis should also be made on the basis of the 
estimated pre-determined average gains ߶௓௝ , based 
on the measured data for the considered days  and 
compared to the expected average daily gains. 
As the basis for expected returns the indicators given 
in [16] can be used, and: 
ವ in the Regulation of the Minister of Infrastructure 
of 6 November 2008 on the methodology for 
calculating the energy characteristic of a building 
constituting an independent technical and utility 
unit as well as the way of drawing up and 
specifying the certificates of their energy 
characteristic (Journal of Laws 2008 No. 201 item 
1240) as 3.2 – 6.0 W/m2 for multi-family buildings 
and 2.5 – 3.5 W/m2 for single-family houses 
deviation from ܪ்௏௃௥௭ should be rejected from the days 
easure ent sequence. Then you need to make 
measurements for subsequent days so that the 
number of days after the elimination of the days with 
significant deviation from ܪ்௏௃௥௭ bigger than 10% was 
at least 8.  
The final verification of the days taken for the final 
analysis should also be made on the basis of the 
estimated pre-determined average gains ߶௓௝ , based 
on the measured data for the considered days  and 
compared to the expected average daily gains. 
As the basis for expected returns the indicators given 
in [16] can be used, and: 
and solar radiation) and heat demand for 
compensation of the heat loss of the building 
(transmission through the partitions and ventilation) ߶ௗ௘௡, using the dependence:  
11 ,trZZu
dem
eu
φφφ
φ
η ++
−
−= .
(35) 
 
4. CONCLUSIONS 
The basic stages (steps) of the method of multiple 
daily measurements in order to determine the values 
allowing to determine the thermal characteristics of 
a building are as follows: 
- on the basis of analysis of ܪ்௏௥௭ , balance equations 
should be selected for the system of  characteristic 
equations for the multiple- measurement method, 
-
–
,
,
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equations system. Correction should consist in the 
elimination from the system of equations 
corresponding to the “wrong” values ߶௓௝ , and 
possibly replacing them with the new balance 
equations, 
- in the case of significantly different values ߶௓௝
corresponding to individual balance equations 
(with a maximum value ߶௓௝ : ߶௓௠௔௫), but at the 
same time values ߶௓௝ close to are expected, it’s 
been suggested to accept as the value of daily 
gains ߶௓ ൌ ሺͲǡ͹ െ Ͳǡͻሻ ڄ ߶௠௔௫ . Then ܪ்௏௥௭ should 
be re-determined for the assumed value of gains ߶௓ ൌ ሺͲǤ͹ െ ͲǤͻሻ ڄ ߶௠௔௫.
- if the determined distribution of internal gains 
covers ߶௓௝ included in the range ሺͲǤ͹ െ ͳǤͲሻ ڄ߶௓ ௠௔௫ , the arithmetic mean of the determined 
values ߶௓௝ can be accepted as value ߶௓,
- the results obtained with the solution of the 
overdetermined system of balance equations by 
means of the matrix method and the 
determinants, with the course of proceedings 
presented in the monograph, do not deviate 
significantly from the results obtained by the 
multiple regression method. Such a state of results 
is inter alia the result of the accepted measured 
uncertainties. The results obtained by the 
regression method, however, are also 
accompanied by the determination of their 
uncertainty, 
- using the meaningful temperature in place of the 
outside air temperature in a multiple-daily 
measuring method to determine the values 
allowing to determine the building's thermal 
characteristics leads to a significant change in the 
results (improvement of their accuracy). 
The determined values ܪ்௏௥௭ and ߟ௏ refer to the 
average conditions associated with ݐ ҧ௘ ൎ 0°C. 
 
- the system of equations characteristic of the 
multiple-measurement method should be created 
by at least 8-day balance equations. If during the 
days of measurements a significant constance of 
operating conditions of the building was 
maintained (constant number of people staying in 
the building, moderate weathering, constant room 
air temperature) and reliable information has 
been obtained on the partitions surrounding the 
heated space of the building, then the number of 
measurement days can be reduced to the specified 
lower limit. In case of significant incompatibility 
of balance equations, steps should be taken to 
obtain system with more equations greater than 8, 
- it is profitable for a proper determination of the 
coefficient ܪ௕ to cover the daily temperature 
range -10°C ൑ ݐ ҧ௘ ൑5(7)°C, 
- among the days of measurement should also be a 
few days with -3°C ൑ ݐ ҧ௘ ൑ 3°C, 
- in systems of differential equations, equations 
with significant temperature ݐ ҧ௘ככ differences should 
be created, 
- equations of each pair of equations making up the 
differential equations should have approximate 
estimated values ܪ்௏௥௭ ,
- for the determination of the sought values, it is 
advantageous to take into account the daily heat 
balances of heat accumulation from solar 
radiation through the windows in the form of the 
adoption of the average daily heat gains flux from 
solar radiation containing ¾ of gains resulting 
from the radiation transmitted by windows on the 
considered day and ¼ of the gains from the 
radiation of the previous day, 
- in the created differential equation system there 
should be a equilibrium representation of balance 
equations in the form of the minuends and 
subtrahends, 
- determined values ߶௓௝ can be the basis for 
selecting equations considered in the system. In 
the next approximation step equations (days of 
measurement), for which ߶௓௝ deviate the most 
from the average value ߶௓௝ should be omitted, 
- on the basis of the determined values ߶௓௝ , the 
value ܪ்௏௥௭ can be evaluated: if the values ߶௓௝ are 
negative or very small, this may indicate to low 
value of the determined ܪ்௏௥௭ – than ܪ்௏௥௭ should 
be re-determined for the corrected balance 
e
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